Objective To retrospectively assess the clinicopathological characteristics of orbital granular cell tumours (GCTs). Methods A non-comparative review of the clinical characteristics, imaging, histopathological features, management, and prognosis of five cases of benign GCT and one case of malignant GCT (MGCT) was conducted, along with a review of the English language literature. Results Among the six cases, four tumours were adherent to the extraocular muscle (EOM), and three tumours to the optic nerve (ON). Morphologic examinations revealed polygonal cells containing periodic-acid-Schiff-positive eosinophilic granules. All tumours (100%) were positive for VIM and NSE, five (83.3%) tumours were positive for S-100, and three (50%) tumours were positive for CD68. The follow-up examination of the MGCT witnessed recurrence and brain metastasis despite several thorough resections, but the patient remained alive; the follow-up examination of the four benign GCTs that had received incomplete excision revealed recurrence in one patient and dramatic shrinkage of the residual tumour in another; there was no recurrence in the other two patients. Conclusions GCT should be considered in the differential diagnosis of orbital tumours, which may affect EOMs and ON. The natural course of GCT can include tumour progression, stability, or spontaneous regression. To avoid recurrence, complete resection is recommended for orbital GCT. To the best of our knowledge, primary orbital MGCT is reported for the first time.
Introduction
Since they were first described by Abrikossoff in 1926, granular cell tumours (GCTs) have been reported in several regions of the body, mostly in the skin and subcutaneous tissue of the neck and head. GCT is a rare, usually benign, soft-tissue tumour that mainly affects adults during the fourth to sixth decades of life, with a female predilection. Malignant GCT (MGCT) is even rarer. The histogenesis of GCT, which rarely arises in the orbit, has been debated for decades. Although several cases of orbital GCTs have been reported in the literature, to the best of our knowledge, no cases of primary orbital MGCT have yet been described.
The purpose of the present study was to analyse the clinicopathological features of orbital GCT. To achieve this goal, we examined six cases of orbital GCT that had been diagnosed and treated in the Eye and ENT Hospital of Fudan University, and also reviewed previous studies of orbital GCTs. We believe that this study constitutes the largest series of orbital GCTs ever reported. In addition, among the examined cases was one case of primary orbital MGCT and one case of non-neural orbital GCT, both of which (to our knowledge) are reported here for the first time.
Materials and methods
The study protocol was approved by the institutional review board of Eye and ENT Hospital of Fudan University, Shanghai, China. The medical records of patients who had been admitted to the Eye and ENT Hospital of Fudan University since 2001 were reviewed; six patients with orbital GCT were identified.
We retrieved the patients' demographic data, presentation, ocular examinations, orbital imagings, clinical course, and treatments from the records. Hematoxylin and eosin (HE) staining and immunohistochemistry for S-100, CD68, vimentin (VIM), neuronspecific enolase (NSE), periodic-acid-Schiff (PAS), creatine kinase (CK), and smooth muscle actin (SMA) were performed on tumour sections. Immunohistochemistry staining for HMB-45 and Melan-A was also conducted on MGCT tumour sections to distinguish them from malignant melanoma, which was also positive for S-100. Follow-ups were performed through clinic service or telephone interviews.
At the same time, a search of PubMed and Web of Science was conducted, using the following keywords: 'Granular cell tumour', 'Granular cell myoblastoma', and 'Abrikossoff's tumour'. Articles about GCT in the eye region and written in English were retrieved; the results returned articles with both the US spelling of 'tumor' and the British spelling of 'tumour'. Intraocular tumours, and tumours found on the ocular surface or within the eyelid, were subsequently eliminated. The clinicopathological features and prognosis of the orbital GCTs were reviewed.
Results

Clinical characteristics
Our study included five cases of benign GCT and one case of MGCT. The clinical information is described in detail in Table 1 . Computed tomography (CT) showed diffuse isodense masses, while magnetic resonance imaging (MRI) showed fusiform tumours, isointense to the extraocular muscles (EOMs) in T1-and T2-weighted imaging with contrast enhancement, as shown in Figures 1 and 2 .
Histopathology and immunohistochemistry
The histological sections stained with HE and S-100 are shown in Figures 1 (patient 3 ) and 2 (patient 4). In benign GCTs (patients 1-3, 5, and 6), the tumour cells were arranged in nests or ribbons, separated by fibrous tissue. There was sporadic infiltration of inflammatory cells in the peripheral regions, mostly composed of lymphocytes. The tumour cells were polygonal, with well-defined borders. Cytoplasm was abundant, with numerous typical eosinophilic granules. The nuclei were round with small nucleoli, although scattered cells with vesicular nuclei were also observed. No mitotic or necrotic areas could be found. The tumour cells presented an infiltrative growth pattern. Scattered striated muscle fibres were also present in patients 3 and 6, but were separate from the tumour cells. In the MGCT case (patient 4), the tumour cells presented with coarse granular eosinophilic cytoplasm resembling benign GCT, although the arrangement of the cells was disordered: the tumour cells were relatively larger, exhibiting prominent cell and nuclear pleomorphism, vesicular nuclei, and large nucleoli, and mitotic figures were present. All of these malignant changes were widespread in the whole tumour section, without any benign-appearing parts in the tumour. All of the specimens were positive for PAS, NSE, and VIM (Table 2) ; five (83%) were positive for S-100; and three (50%) were positive for CD68. The specimens were all negative for CK and SMA (data not shown); furthermore, the MGCT was negative for HMB-45 and Melan-A (Figure 2 ).
Review of orbital GCTs
We retrieved 29 articles describing 34 cases of orbital GCTs. The clinicopathological data are summarised in Tables 2 and 3 ; a total of 40 cases were analysed. Patients ranged from 4-75 years of age, with an average age of 44 years. Among the tumours, 38 were benign GCTs, 1 was a MGCT metastatic to the orbit, and 1 was primary MGCT (patient 4). It should be noted that GCTs were misdiagnosed as inflammatory conditions in the biopsy of patient 4 in our series, as well as in another two cases from the literature. 11, 26 The most common presentations were diplopia (40%, 16/40) and proptosis (32.5%, 13/40). EOM involvement was described in 67.5% (27/40) of the tumours, of which the most affected EOM was the inferior rectus muscle (40.7%). Adhesion to the ON was reported in 32.5% (13/40) of cases, based on radiological and mid-surgical findings. In the 22 cases in which immunohistochemical studies were performed (Table 2) , 100% (10/10) of cases available for VIM were positive, 90.9% (20/22) of cases were positive for S-100, 88.9% (8/9) of the cases available for NSE were positive, and 66.7% (6/9) of the cases available for CD68 were positive.
With the exception of one patient who died of cerebral dysregulation due to a GCT in the middle cranial fossa, and one patient for whom no treatment information was available, all of the patients were treated surgically. Followups were conducted with 23 patients, with an average follow-up duration of 29 months (range: 1-96 months). The patients with MGCT presented unsatisfying prognosis, as the primary MGCT (patient 4) developed metastases, and the patient with metastatic orbital MGCT died of metastases. 18 For the benign GCTs cases, 100% (13/13) of cases exhibited no recurrence when resected entirely; when they were resected subtotally, however, 37.5% (3/8) of the cases recurred, and 62.5% (5/8) of the patients displayed no recurrence, including one who showed regression of the residual tumour after incisional biopsy (patient 3).
Discussion
GCT was once thought to originate in the striated muscle because of its association with muscle tissue; this explains its previous name of 'granular cell myoblastoma'. This theory has been challenged, however, by the presence of tumours in organs that lack striated muscle, 30 the absence of glycogen in tumour cells, and the absence of any similarity between tumour cells and striated muscle under electron microscopy (EM). 31 Researchers have subsequently proposed other cells of origin, including fibroblasts 32 and primitive mesenchymal cells, 10 as well as an origin resulting from metabolic derangement involving histiocytes. 33 The idea of GCT derivation from Schwann cells has gained popularity recently, mainly on the basis of evidence that the cytoplasmic granules in Schwann cells are indistinguishable from those found in GCT cells. 34 
Clinical features
The most common complaints of orbital GCT patients are diplopia, proptosis, and mobility restriction. In CT scans, GCTs appear as diffuse or oval masses isodense relative to brain tissue. The tumours are isointense relative to EOMs in T1-weighted MRI and isointense or slightly hyperintense in T2-weighted MRI, which can be slightly enhanced with contrast administration. Surgical findings describe GCT as an oval mass that may infiltrate adjacent EOMs.
In the current study, EOM involvement was seen in 67.5% of cases. The inferior rectus muscle is most commonly affected (40.7%). The fact that neural-derived GCT is closely associated with EOMs may be due to the dense neural supply of EOMs. 27 Vision decrease/loss due to tumour adhesion to the ON was noted in 32.5% of cases in our study. Strangely, the ON is thought to be an outgrowth of the central nervous system (CNS), which does not possess Schwann cells. Given this fact, it is fair to wonder why GCT so frequently appears to be associated with the ON. A few authors believe that the pathogenesis of GCT varies, based on the tumour's location. Although a Schwann cell origin is favoured in most cases, an astrocytic origin has been proposed in the literature for GCTs in CNS locations; this suggestion is mainly based on the immunoreactivity of tumour cells to glial fibrillary acidic proteins. 35 Despite the lack of Schwann cells in the ON, however, sympathetic nervous composition has been observed to be present in the meninges surrounding it. In our opinion, it is this sympathetic nervous composition-which contains Schwann cells-that may be responsible for the frequently observed association of GCT with the ON. 
Pathologic and differential diagnosis
The majority of GCTs are benign. Histologically, GCT is composed of sheets or nests of round or polygonal cells with small and round nuclei; 36 the most characteristic feature is abundant cytoplasm with eosinophilic granules, which are PAS positive. EM has revealed these granules to be secondary lysosomes. 23 No mitotic figures or necrosis is present in these tumours; immunohistochemical assessment is needed for the differential diagnosis. The majority of orbital GCTs are positive for S-100, NSE, VIM, and CD68, but negative for epithelial, muscle, and melanin markers. It should be noted, however, that the presence of lymphocytes at the tumour periphery may lead to the misdiagnosis of tumours as an inflammatory condition, a phenomenon that was observed in three cases in our study. The implications of lymphocyte infiltration are not yet clear, but it may reflect an immunoresponse to the infiltrative pattern of the tumour. In our opinion, a larger tumour sample obtained by means of lateral orbitotomy is essential to allow correct diagnoses to be made when conducting biopsies.
Several diseases that resemble orbital GCT in pathology should be considered in the differential diagnosis: especially those that feature similar granular cytoplasm. Alveolar soft part sarcoma (ASPS) is characterised by distinctive organoid nests of polygonal tumour cells separated by thin-walled capillaries. The tumour cells display abundant PAS-positive intracytoplasmic crystals under light microscopy, and numerous mitochondria and an extensive Golgi complex under EM. Abundant PASpositive granular cytoplasm can also be observed in embryonal rhabdomyosarcoma. This type of tumour can be differentiated by distinct cross-striations in the cytoplasm, however, by positivity for muscle stains such as desmin, MyoD1, and actin. Melanoma (another tumour of neural crest cell origin) may simulate GCT, but should be easily distinguishable from GCT with staining for HMB-45 and Melan-A.
Non-neural GCT
S-100 protein is an acidic protein in cells of neural crest origin, the expression of which is strongly supportive of a peripheral nerve sheath origin for GCTs. There are subsets of S-100-negative GCTs in skin, 37, 38 which are termed 'non-neural GCTs'. A few authors believe that these tumours are associated with an altered differentiation process in the MGCTs of Schwann cell origin, 39 or with a primitive mesenchymal cell origin. 40 The nuclear atypia and mitotic activity of non-neural GCTs are more obvious than those of conventional GCTs, which suggest malignant potential, but the clinical manifestations appear to be relatively benign. 41 The current study includes two S-100-negative orbital GCTs that recurred following surgery, however, which is inconsistent with this idea. McNab et al 14 reported a case of benign orbital GCT that was S-100 negative.
In two years of follow-up after an incomplete excision, the tumour showed a small extension into the cavernous sinus through the superior orbital fissure. Patient 1 in our hospital also presented with an S-100 negative tumour, with no signs of malignancy in pathological studies. This patient experienced tumour recurrence, however, 4 months following a subtotal resection. Both of these cases may belong to the group of non-neural GCTs, thus contributing important information to the body of knowledge about this uncommon tumour type: specifically that orbital non-neural GCT can be consistent with conventional GCT in pathology, but the clinical course may be benign or could demonstrate malignant potential. Long-term follow-ups are necessary to obtain further information.
MGCTs MGCTs are extremely rare, accounting for o2% of all GCTs. They can be categorised into clinically and pathologically malignant tumours: the former are histologically benign, but clinically malignant with metastasis, while the latter are malignant both histologically and clinically. 42 The pathological differentiation of malignant from benign GCT has been a challenge for researchers. The most widely accepted diagnostic criteria comprise six histologic features: increased mitotic activity (42 mitoses/10 high-power fields at × 200 magnification), necrosis, tumour cell spindling, vesicular nuclei with prominent nucleoli, increased nuclear/ cytoplasmic ratio, and pleomorphism. 43 The presence of three or more criteria is consistent with malignancy, while the presence of one to two defines an 'atypical' GCT. These features must also be present in the majority of the tumour, rather than focally. Previously, only one 'primary' and one metastatic orbital MGCT had ever been reported in the literature. The 'primary' MGCT was described as a painless mass in the lower eyelid, with apparent generalised metastasis, 1 although this tumour was later reclassified as an ASPS by Allaire et al. 16 Callejo et al 18 reported a case of a patient with orbital MGCT metastasising from the cervical region, who died (presumably of metastases) 4 years after the diagnosis of primary GCT. The aggressive clinical course and pathological findings of metastasis confirmed MGCT.
In this study, we have reported on a case of primary orbital MGCT that was both clinically and histologically malignant, exhibiting all six characteristics of malignancy in multiple slides. MGCTs, unlike benign tumours, demonstrate aggressive progression, with rapid growth and metastatic potential; 39% of patients were observed to die of disease within 3 years. 43 Resection with adequate surgical margins is the preferred treatment, and neither chemotherapy nor radiotherapy has been proved useful for MGCTs. A dramatic response to pazopanib in a patient with MGCT metastatic to multiple regions was reported recently, 44 which may provide a promising treatment.
Treatment and prognosis
Both complete removal and subtotal resection have been described for GCT in the published literature. Consistent with a previous report, 27 we witnessed no recurrence following complete surgical removal. While McNab et al 14 once reported that many tumours with incomplete excision also exhibited no recurrence, in our cases (and in our review of the literature) 37.5% of benign GCTs with subtotal resection demonstrated tumour recurrence. Because two of the three tumours were S-100 negative, we cannot determine whether the recurrence was completely due to subtotal resection or due to the tumours' particular pathogenesis. All of the findings to date nonetheless continue to suggest to the ophthalmologist that complete resection should be considered as the treatment of choice for GCTs; given the frequent infiltration of these tumours to adjacent tissues, however, complete resection may be impossible. Under such circumstances, extended resection may be appropriate, especially in cases with destroyed function or potential progression. We were surprised to observe spontaneous regression in one case (patient 3) with subtotal resection, which, to our knowledge, is the first report in the literature of this happening.
The exact mechanisms that cause spontaneous regression remain unclear, and findings from tumour pathology show nothing special that could explain the phenomenon. It would be interesting to conduct further studies to determine whether tumour differentiation plays a role. This case also contributes to what is known about the natural course of GCTs, which might involve progression, stability, or spontaneous regression. It is a remarkable fact that, in cases in the literature review that involved EOMs, complete excision of the tumour did not provide optimal prognosis for motility in the majority (73.3%) of cases. 27 Similarly, in cases involving the ON, surgery cannot improve the patient's vision. The possibility of tumour infiltration into the ON should remind ophthalmologists to perform a comprehensive evaluation of the surgical results, and to inform patients properly.
In conclusion, orbital GCTs are usually benign; we have reported in this study the first case of a primary orbital MGCT with an unfavourable prognosis. GCT should be considered in the differential diagnosis of orbital tumours, especially when an EOM or the ON is affected. Complete resection is recommended to ensure that tumours will not recur.
Summary
What was known before K Orbital granular cell tumour (GCT) may be associated with extraocular muscles.
What this study adds K Orbital granular cell tumour (GCT) may be associated with optic nerve. The long-term prognosis of benign GCT with complete excision is satisfying, while prognosis of the malignant GCT is poor.
